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INTRODUCTION 

Side-chain  liquid  crysulline  polymers  (SCLCPs),  especially! 
ysiloxanes,  are  potentially  useful  in  electro-optical  devices,  >  and  are 
ily  fabricated  into  thin  films.  SCLCPs  with  conjugated  x  election  donor 
I  acceptor  substituents  at  the  ends  of  delocalized  electron  systems  have 
je  second  order  nonlinear  optical  (NLO)  coefficients,  commonly 
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^uency  of  a  laser  beam.  Since  second  order  NLO  polarizability  requiies 
loncentrosymmetric  structure,  poled  glassy  polymers,  and  acentric 
^muir-Biodgett  (LB)  filma  are  promising  approaches  to  high-efriciency 
G  materials. 

In  this  paper,  we  report  the  preparation,  characterization,  and 
nolayer  behavior  of  liquid  crystalline  polysiloxanes  having  polarized 
benes  in  the  side  chains. 


RESULTS  AND  DISCUSSION 

n theses 

Monomen,  I  and  2,  were  synthesized  by  transesteritication  of  the 
bene- methyl  esters^  with  (u-undecylenyl  alcohol  in  the  presence  of 
Hydosilylation  of  the  monomers  with  either 
y(hydroiTiethyl)siloxane  or  a  copolymer  of  50%  (hydromethyl)siloxane  - 
0  (dimethyl)siloxane  in  dry  toluene  was  catalyz^  by  chloroplatinic  acid 
topropyl  alcohol.  An  equivalent  amount  of  triethylamine  was  added  to 
cauiyst  soluUon  to  neutralize  the  HCI.  which  otherwise  would 
tonate  the  amino  group  of  the  monomers.  Even  after  refluxing  the 
lures  for  48  hrs,  a  small  residual  2160  cix'l  band  remained  in  the  IR 
ctrum  of  the  mixture,  so  l-octene  was  added  to  try  to  consume 
laining  Si-H  groups.  The  ^Si  NMR  spectra  of  the  final  side-chain 
ysiloxanes  showed  no  peak  at  -37  ppm  for  the  Si-H  groups.  However. 
NMR  spectra  showrt  a  small  peak  at  4.7  ppm  for  Si-H  groups.  HPS- 
.howed  about  9%  while  the  other  polymers  h,sve  about  1%  of  unreacied 
H  groups  present  in  the  final  structure.  HPS-I  was  insoluble  in  organic 
jvents  at  room  .emperature  but  soluble  in  hot  toluene  and  chloroform 
S-1  was  purified  by  precipiuiion  from  toluene  sir  times.  CPS-I. 
^-2  and  CK-Z  were  soluble  in  organic  solvenu  at  room  temperature 
by  precipiuoon  six  or  seven  times  from  chloroform  into 
•"•lyses  of  the  molecular  weighu  based  on  polystyrene 
idards  and  residual  monomer  contents  are  reported  on  Table  I.  OPC 
^**^''"*  *••"‘•“''1*  underestimate  the  molecular  weights 
>CLt,Ps  because  the  hydrodynamic  volume  of  a  comb-like  polymer  is 
Her  than  that  of  polystyrene  of  the  same  molecular  weight.^ 


R.  — N(CH,}}  HPS-1.  n.60.  m.O 
CP8-1 ,  n  ■  9.  m  ■  8 

- N  )— 0(CH,)^H,  MP8-2.  n  .  60.  m.O 

V f  CPS-2.  n  .  9.  m  .  6 

Fig.  I.  Structuies  of  monomers,  homopolysiloxanes,  and 
copolysiloxanes. 


Phase  Transitions 

Phase  transitions  of  the  monomen  and  the  polysiloxanes  mcasur 
by  DSC  and  microscopy  are  r^rted  in  Table  11.  The  phase  assignmc 
are  based  on  powder  X-ray  diffraction  and  polarizing  optical  microscop 
The  isotropizaiion  temperatures  of  all  of  the  polymen  were  obuined  ' 
microscopy.  The  heats  of  transition  from  the  meaophase  to  the  isotror 
liquid  phase  were  too  small  to  observe  in  the  DSC. 

Table  II.  Phase  Transition  Temperatures  of  Monomen  and  Polysiloxan. 


Phase  uansition  temperature*. "C  (AH,  kcai  mol  ') 


I  C  146  I 

CPS-I  G  -35  C  146  (7.06)  Sa  183'> 

HPS-I  C  167  (4.84)  N  215b 


lie  I.  OPC  Analyses  of  Side-Chain  Polysiloxanes 
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CPS'I  showed  a  weak,  wide  glass  transition,  -3S  °C,  and  only  one 
sophase.  The  X-ray  pattern  at  172  showed  sharp  peaks  in  the  small 
tie  region,  indicative  of  smectic  layers,  and  a  diffuse  pe*k  at  the  wide 
tie  region,  characteristic  of  the  Sa  phase.  Only  a  flne  grained  texture  was 
xrved  by  polarizing  microscopy. 

HI^-2  had  both  a  high  temperature  nematic  phase  and  an  ordered 
ise  initially  assigned  as  Sp  from  the  powder  X-ray  diffraction  pattern  at 
)  OC.  However,  this  phase  showed  no  reflections  in  the  small  angle 
ion.  which  meant  the  absence  of  layers.  Possibly  this  mesophase  is  an 
lered  nematic  with  hexagonal  structure.  Friedron  and  coworkers^ 
orted  a  similar  X-ray  pattern  and  suggested  that  it  was  due  to  a  new 
ise,  Np,  in  which  the  mesogenic  groups  were  packed  in  a  hexagonal 
ay  but  without  translational  order  in  the  direction  of  their  long  axes.  No 
:roscopic  texture  was  obtained  for  HPS-2. 

In  addition  to  a  glass  transition  and  a  high  temperature  Sa  phase, 
‘S-2  had  a  low  temperature  mesophase  assign^  a  Sp  structure,  bwause 
powder  X-ray  diffraction  pattern  at  171  °C  showed  the  typical  sharp 
iks  in  the  small  angle  region  denoting  the  presence  of  layers  and  a  strong 
irp  peak  in  the  wide  angle  region  corresponding  to  110  and  200 
lections.  Microscopy  of  CPS-2  under  crossed  polanzed  light  showed  a 
ical  fan-shaped  texture  for  the  Sa  phase. 

Each  polysiloxane  exhibited  a  low  temperature  crystalline  phase 
ntiHed  by  X-ray  diffraction  patterns  and  reported  in  Table  11.  Three 
trp  peaks  in  the  wide  angle  region  correspond  to  1 10.  200  and  210 
lections,  which  are  charKteristic  of  an  orthorhombic  crystal.  Sharp 
iks  in  the  small  angle  region  mean  the  molecules  are  arranged  in  layers. 
:se  pha.ses  might  be  Sp.  which  also  gives  the  three  reflections  in  the  wide 
;le  region.  To  distinguish  a  smectic  E  phase  from  an  orthorhombic 
sul.  one  must  use  an  oriented  sample  for  X-ray  diffraction  studies. 

inolayers 

Monolayers  of  the  polysiloxanes  were  characterized  by  measurement 
he  film  pressure,  fl  -  mean  molecular  area,  A^.  isotherm.  In  this  work, 
an  molecular  area  is  defined  as  area  per  mesogenic  repeat  unit  of  the 
ysiloxane.  Thc.room  temperature  isotherms  in  Fig.  2  were  reproducible. 
:  curves  obtained  for  HrS-1  and  CPS-1  were  smooth,  without  any 
.ervable  discontinuities,  and  showed  no  evidence  of  phase 
isformations.  Upon  extrapolation  of  the  steeply  sloping  linear  region  to 
0  surface  pressure,  the  intercept  gives  the  area  per  molecule  of  a  closely 
ked  monolayer.  The  minimum  stable  areas  per  mesogenic  polysiloxane 
eat  unit  were  -23  A^  and  -34  A^  for  HPS-I  and  CPS-I.  respectively. 
:  Isotherms  for  HPS*2  and  CPS-2  showed  evidence  of  "phue 
isiiions”  just  above  30  A^  to  about  50  A^.  HPS-2  and  CPS-1  gave  the 
K  mean  molecular  area  per  repeat  unit.  -  30  A^.  Because  side-chain 
ysiloxane  films  exhibit^  high  viscosities,  it  was  necessary  to  use  a 
igmuir  balance,  rather  than  a  Wilhelmy  plate,  to  measure  the  surface 
.ssure  The  films  can  be  compressed  to  about  40  mN/m  with  no  apparent 
illapse.  The  copolysiloxanes  showed  less  hysteresis  than  the 
imopolysiloxanes  upon  compression  and  subsequent  expansion  of  the 
onolayers.  Further  compression-expansion  runs  showed  a  much 
iproved  hysteresis  behavior  for  CPS- 1  and  CPS-2  Fig  3  shows  the 
obanc  surface  area  of  HPS-2  and  CPS-2  at  15  rrtN/m  as  a  function  of 
ne.  Similar  stable  monolayer  behavior  was  observed  at  15  mN/m  for  the 
er  polysiloxanes.  There  was  a  bigger  decrease  of  the  rrtean  molecular 
I  of  HPS-I  during  the  first  30  minutes  than  observed  with  CPS-1. 
■  same  trend  was  observed  with  HPS-2  compared  to  CPS-2.  The 
reases  of  mean  molecular  area  dunng  the  first  30  minutes  were  much 
with  the  dimethylaminostilbene  polysiloxanes.  HPS-I  and  CPS-1. 
1  with  the  hexyloxypiperidinostiibenc  polysiloxanes.  HPS-2  and  CPS- 
lue  to  the  greater  movement  of  the  side<hain  mesogen  containing  the 
iNe  hexylpiperidino  group. 

Preliminary  deposition  experiments  were  performed  on 
Irophobic.  octadecyftrichlorosilane-treated  quartz  slides  at  room 
iperature  There  was  no  deposition  of  the  monolayers  of  the 
ysiloxanes  onto  a  hydrophilic  substrate.  LB  monolayers  of  CPS-1 
e  obtained  with  a  transfer  ratio  of  0.8  during  the  first  dip  and  a 
rearing  transfer  ratio  on  succeeding  dips.  Monolayen  of  CPS-2  also 
wed  deposition,  ajthough  the  transfer  ratio  of  the  first  dip  was  only  0.5. 
S-1  and  HPS-2  did  not  deposit  onto  the  hydrophobic  substrate. 

cnowlcdgemenl.  This  research  was  supported  in  part  by  the  Office  of 
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Fig.  2.  Surface  pressure  -  area  isotherms  of  polysiloxanes.  Each 
compression  took  about  I  hr. 
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Fig.  3.  Molecular  area  as  a  function  of  time  at  constant  film  pressure  of 
mN/m  and  room  temperature. 
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